
CHROMATOGRAPHY VALVE ASSEMBLY 

FIELD OF INVENTION 

The present invention relates to divcrtcr type valves and 
more particularly to a diverter valve assembly designed for 5 
use in liquid chromatography. 

BACKGROUND OF THE INVENTION 

Only about 15% of the known compounds lend them- 
selves to analysis by gas chromatography owing to insuffi- 
cient volatility or thermal instability. Liquid column 
chromatography, on the other hand, does not have these 
limitations. The interchange or combination of solvents can 
provide special selectivity effects that are absent when the 
mobile phase is a gas. Ionic compounds, labile naturally 
occurring compounds, polymers, and high molecular weight 
polyfunction^ compounds are conveniently analyzed by 
liquid chromatography. While liquid flow in traditional 
liquid chromatography was achieved by gravity, modern ^ 
liquid column chromatography uses high pressure pumps 

;![|tfith relatively short narrow-bore columns containing small 

| |wrticles of packing. 

f\ One of the most important parts in a liquid chromatog- 
raphy setup is the solvent delivery system. Such a system ^ 
Jjkusc be able to precisely deliver a solvent (or a mixture of 
IMiffcrent solvents) over a relatively broad flow range. Sam- 
pling valves are essential components of this solvent deliv- 
••py system, allowing the sample to be reproducibly intro- 
duced into the column without significant interruption of the ^ 
" Sow. Sampling valves are also used for connecting and 
disconnecting the chromatography column to the process 
I Japing (c.g., for flushing purposes). 
fi». An exemplary prior art liquid chromatography valve setup 
r - is schematically depicted in FIGS. 1A-UX FIG. 1A shows 35 
fa valve assembly 10 comprising valves 12a, 12b, 14a, 146, 
116a, and 16b. Liquid enters die system from the entrance 
process piping 20 and can be directed through the valve 
s assembly 10 by controlling the afore-mentioned valves as 
be later explained. The system gives the user the 40 
flexibility to have the product fluid flow through a chroma- 
tography column (not shown) in a forward (FIG. IB) or 
reverse (FIG. 1C) direction, or the product fluid can be made 
to completely bypass the column (FIG. ID). Liquid leaves 
the valve assembly through the exit process piping 22. 45 

Fluid can flow through the prior art valve assembly 10 
depicted in FIG. 1A in any one of the three directions 
depicted in FIGS. IB-ID. The fi uid flow is represented by 
arrows 25 in these figures. In HG. IB, which represents the 
forward product flow through the column, valve 14a is 50 1 
opened allowing the fluid to flow from the process piping 
into the valve assembly 10. Valve 16a is also opened 
allowing the fluid to flow into the chromatography column 
(not shown). The fluid returns from the chromatography 
column passing through valve 16b and reentering the valve 55 
assembly. The fluid leaves the valve assembly passing 
through valve 14b on its path back to the process piping. 
Valves 12a and V2b remain closed during this process. 
According to the reverse process flow depicted in FIG. 1C 
fluid entering the valve assembly 10 from the process piping 60 
can flow through valves 12a and 16b into the column, 
returning from the column through valve 16a, and exiting 
the valve assembly through valve 12a back through the 
process piping. Valves 14a and 14b remain closed during 
this process. The column may be bypassed altogether 65 < 
according to the process flow depicted in FIG. ID, where the 
liquid entering into the valve assembly from the process 



piping encounters opened valves 12a, 14a, 12b and 146, 
exiting the valve assembly without entering the chromatog- 
raphy column which remains inaccessible by closing valves 
16a and 16b. 

5 Prior art liquid chromatography valve assemblies like the 
one described above are typically fabricated using either six 
independent valves or two two-way diverter valves with two 
independent valves, connected cither by sanitary tri-ciams or 
welded to tec fittings. The problem encountered with these 
10 systems, which is especially prevalent in those using the tee 
fittings, is the existence of dead-legs. Dead-legs are areas of 
liquid that have become trapped in the valve assembly when 
the flow of liquid in a particular branch of the system is 
halted. In dead-legs, fluid can stagnate causing contaminants 
15 to accumulate or micro-organisms to grow. This presents a 
serious problem in liquid chromatography where such con- 
taminants can adversely affect the results of a particular 
analysis. Hence the need for a diverter type valve assembly 
in which all flow compartments are shared and fully flushed 
20 when a flow through valve is opened clearly exists. 

Diverter valves are not particularly new, and, in fact the 
prior art includes many examples of different types of these 
valves. An example of such a valve is described in ILS. Pat 
No. 5 .273-075 to R. A. Skaer entitled DIVERTER VALVE. 
25 The valve described in this patent comprises a diaphragm 
type valve with a single inlet port and two outlet ports, and 
is set up such that the flow of fluids can be directed from the 
inlet port to one or the other outlet ports. The valve operates 
by closing a diaphragm against an edge or weir of a partition 
30 with the valve housing which prohibits fluid flow to the one 
port while accommodating flow to the other port This 
specific diverter valve is made for use with systems that 
require only a single inlet port and no more than two outlet 
ports, and hence, such a valve system would not accommo- 
35 date the intricate plumbing necessary to operate a liquid 
chromatography system. Moreover, the valve assembly 
described above requires specialized components* including 
a specific housing that itself is the subject of a U-S. patent 
(US. Pat No. 5,427,150 to Skaer et al. Entitled HOUSING 
40 FOR A DIVERTER VALVE). 

The problem with most prior art diverter valve assemblies 
revolves around the fact that they are not manufactured out 
of a single block of matcriaL These valve assemblies are 
therefore relatively expensive to manufacture, and are, in 
general, difficult to dean in place due to the dead4cgs 
present when tee fittings arc used in them. When these 
valves ate fully assembled, mey also talatn^ a large volume 
in space requiring more installation volume. Since it is the 
„ object of mc^htotcdiiKio^ 

minimi™ deadMegs and to make process pfcing and valve 
assemblies as compact as possible, a new valve assembly 
which ameliorates fcese difficulties is sorely needed. 
It is therefoieaa object of mepteseat invention to provide 
: 5 5 a compact unltarily formed diverter type valve system for 
use in liquid chromatography in which dead-legs between 
the valves are eliminated and in which the installation space 
needed for the system is minimized. 

SUMMARY OF THE INVENTION 

60 

A unitarily formed diverter valve assembly for use in 
liquid chromatography. The valve assembly is configured so 
as to direct the flow of fluid coming from an inlet port 
through the valve body where it can then be reversibly 
65 directed into and out of a chromatography column. On 
returning from the column, the fluid reenters the valve 
assembly where it is directed to an outlet port in order to exit 


15 


the system. The valve assembly can also be configured so as 
lo bypass the column altogether. The smooth and tortuous 
network of passageways in the valve body, in combination 
with the placement and operation of the diverter valves, 
substantially eliminates dead-legs from the system, 5 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a detailed understanding of the present invention, 
reference should be made to the following detailed descrip- 
tion taken tn conjunction with the accompanying drawings 10 
wherein; 

FIGS. IA-1D are schematic views of a prior art chroma- 
tography valve assembly showing possible product flow 
directions; 

FIG. 2 is a perspective view of the instant invention valve 
assembly; 

FIG. 3A is a top view of the valve assembly of the instant 
invention without the manual bonnets; 

FIG. 3B is an enlarged cross-sectional view through line 20 
A— A of FIG. 3A; 

FIG. 3C is an enlarged side elevadooal view of the instant 
* ^invention valve assembly without the manual bonnets; 
*M FIG. 3D is an enlarged side elevational view of the instant 
^linvention valve assembly rotated approximately 45° from 
hjthe view depicted in FIG. 3C; and 

p| FIGS. 4 A-4C arc schematic views of the instant invention 
t. jvaive assembly showing possible product flow directions. 

hi DETAILED DESCRIPTION OF THE 30 

%J INV^KIION 

« Referring to FIG. 2, there is shown a perspective view of 
f Rfhe instant invention chromatography valve assembly 30. 
~SXhc valve assembly 30 comprises a unitarily formed valve 35 
~N>ody 32, which may be cast or machined from iron, bronze, 
H stainless steel or aluminum, or may be molded from a 
r Jsuitabie plastic or plastic composite material. The outer body 
f a'232 is generally that of an octahedral pyramid having a 

Niion of triangular 35 and distorted hexagonal 48 side faces. 
The top square surface 36 is planar and mounted thereon is 
the first of five manual bonnet assemblies 3839.40.41,42 for 
manually controlling the operation of the underlying valves. 
Hie operation of manual bonnets in diverter valve assem- 45 
bites is well known to those skilled in the art. and is 
explained, for example* in afccc-dcscribcd XLS- Pat No. 
5,273,075, the specification of which is mcorporated herein 
fay reference, It should be noted mat although manual bonnet 
assemblies are shown, other means such as pneumatic or so 
electrical actuators may be mounted on the outer valve body 
in order to control the valves, thereby rftmfa»«in g the need 
for the manual bonnets. The manual bonnets as shown are 
affixed to the valve body via plates 44, each plate having 
four suitable screw-type fasteners 46. Extending down- 55 
wardly and outwardly from each edge of the top square 
surface 36 of the valve body 32 is a distorted hexagonal side 
face 48, each side face being planar and having a manual 
bonnet mounted thereon. These side faces are angled at 
approximately 30° with respect to the octagonal base of the 60 
valve body. The reason for the particular angled mounting of 
the additional four bonnet assemblies 39,40,41.42 has to do 
with valve drainage concerns, and will also be explained in 
detail later. 

Still referring to FIG. 2. inlet/outlet ports 50. 52, 54. 56 65 
are located on the triangular side faces 35 of the valve body 
32. each port being located between two manual bonnet 


assemblies. The triangular faces 35 rise perpendicularlv 
from the octagonal base of the valve body.ST«3 tX 
gular face ,s located approximately 90° frorh^e^J^e 
ports may be threaded, flanged, or left srS ffa S 
5 depending on the desired coupling to the S^iSS* 
Referring now to FIG. 3A. there is shown a too view of 

pan al cross-secuonai view of the underlying channel net 
work drawn m with broken lines. As can be ™en in £ 
10 figure, ports 50 52, 54 and 56 are arranged aTTngTes o 

™ baSC of ^ assembly 

15 chamber 62. port 54 opening into chamber 64 and oort 56 
opening imo chamber 66. Fluid entering a^'i iCm 

20 2 . I T? Sm<K>th and t0f tuous network of passageways 

2T S£2^!* vaJVC asscmb * «■« tTporlS 

the chambers and valves in a such a way that^vaive 
assembly^ fuUy drainable as wfll be UtJexplaSeV^c 

Hons which, in combination with thc smooth and tortuous 
passageways, eliminate dead-legs from the system. 

R<**™g now to HG. 3B, there is shown an enlarged 

™ n^J? ° f ? C ValVC line 
AS ^ ** figure, port 50 opens 
^ chamber 60. Apassageway 55 leading to *verter v^c 
L ^lw ^ SCCn ! n ^ Chamber 60 is connected 
nf^l VU divciter valvc 78 « ^ passageway that 
connects these two chambers is incHne/ rising sharply 

35 before encountering diverter valve 78 and then falling 
sharply after encountering the valve. The angle of inclina- 
tion 63 measured from either side of the diverter valve 78 is 
approximately 30Mn chamber 64. a passageway 65 leading 
to dtvato valve 74 can be seen. FuuSyta this^guretpo^ 

40 54canbesecn asorx;iiiiigmtochamb^ 

?° W * mG ' ^ is shwn ** enlarged side 
cfcyational view of the instant invention valve assembly 30 
3^^f*5 side elevational view is directed down port 
50wbich is disposed on triangular surface 35, As explained 

45 ^^PM50opetismtochamber60wM 

cbamiels to diverta valves 70, 76 and 78, In this figure, 
Jverto valves 70 and 76 can be seen on sitoof 
port 50. being disposed beneath the afore-described dis- 

~ l^^f^T 1 ******* ^^c^divertcr valves, as well 
«S^.^ 72 ^ 74 < n< * ^own in this figure), are 
nudun . cd 10 position of their drain angle which is 
*p°^dy30«asmeastu^f 

^e valve a^nbly. This arrangement coupled with the fact 
mat valve 78 (as seen in HG. 3B) is at a high point in the 
55 valve as^ly,aUowsmevaiveassembly 

easily drainable. Ports S6 and 52 are also clearly visible in 
this figure, * 

JSSSP™^ 0 - 3D. there is shown ai. colled side 
elevational view of the valve assembly 30 rotated approxi- 
W X*« 5 ° the view depicted i. HG. ?S 
SS/i f 0 "* 11 ^, 4 ^vc body having a substantiaUy flat, 
o^^^i^ Sidc facc 48 « d > «»traUy positioned 
fpenwg 71 wluch ts bisected by a weir 73. Looking directly 

S^l ^ f0 ?c? Ch&llntI «>™«*e* to port 52. whfle the 
c^? 00 756 15 to fern » channel connected to 
pott so. Thc smooth unobstructed dumber 77 and channel 


